T he 5-HTT gene SLC6A4 has been investigated extensively in genetic association studies of depression based on the crucial role of the 5-HTT protein in regulating the serotonergic neurotransmission. 1 SLC6A4-based association studies have focused on 2 common polymorphisms. First, a functional polymorphism linked to 5-HTTLPR that is commonly subdivided into lesser-expressing S allele and greater-expressing L allele, corresponding to the presence of 14-or 16-repeat units of a 20-23 bp incomplete repeat. 2 Second, a triallelic polymorphism located in intron 2 corresponds to 9-, 10-, or 12-variable tandem repeat units of 17 bp. The 12-repeat allele was found to have higher expression than 9-repeat and 10-repeat. 3 Recently, a third functional SNP (A/G, rs25531) has been detected in the upstream promoter region of 5-HTTLPR. 4, 5 This functional SNP has a minor G allele and a major A allele that occurs in the 16-repeat L allele as well as in the 14-repeat S allele. As this SNP is located in the upstream of the promoter region of the 5-HTTLPR, and has a regulatory role in this gene, it subdivides the S allele of 5-HTTLPR into S A and S G and the L allele to L A and L G . L A allele predicts higher levels of 5-HTT messenger ribonucleic acid expression than L G . L G and S alleles have shown to be associated with comparable levels of 5-HTT expression. 4 This information demands a reevaluation of previous association studies as use of the biallelic system (S and L alleles) of 5-HTTLPR could partially lead to functional misclassification of cases with lower-expressing L G as having higher levels of expression.
In a previous study, 6 we observed a significant association between 1 or 2 copies of the S allele and PSD in a clinical sample of 26 depressed stroke patients, compared with 25 nondepressed stroke patients and this association was influenced by personal and familial predisposition to mood disorder. As the recently found functional SNP (rs25531) might differentially affect the expression of the L allele of 5-HTTLPR, we tested for an association between PSD and low expressing alleles and genotypes using the functional SNP in promoter region in the same clinical sample. We also examined the frequencies of higher-expressing and lower-expressing alleles of intron 2 VNTR polymorphism in PSD and nondepressed patients to have a comprehensive evaluation of all 3 functional polymorphisms in the 5-HTT gene in PSD.
Method
Twenty-six subjects with major depression following a stroke and 25 nondepressed stroke patients were evaluated by clinical history, SCID, and DSM-IV. All patients were Caucasian. Details of inclusion and exclusion criteria and sample characteristics were reported in the previous article. 6 This study was approved by the local ethics review board and all participants gave written informed consent. Genotyping of 5-HTTLPR and rs25531 was performed using a PCR followed by double restriction endonuclease digestion. 7 High-resolution agarose gel was used to determine 4 different alleles: S A -(469 bp uncut), S G -(402 + 67 bp), LA-(512 bp uncut), L G -(402 + 110 bp). Though the combinations of S/L alleles and A/G alleles formally result in SA, SG, LA, and LG haplotypes, previous literature have used the term alleles, which we will continue in this report. Triallelic intron 2 VNTR genotypes, the 9-repeat (250 bp), 10-repeat (267 bp), and 12-repeat (300 bp), were also determined by PCR and high-resolution agarose gel electrophoresis. 3 The chi-square test was used to compare allelic, genotypic frequencies between the depressed and nondepressed stroke groups.
Results
We genotyped rs25531 in the promoter region and intron 2 VNTR in 26 samples of PSD and 25 of nondepressed stroke subjects. We were not able to recover the intron 2 VNTR in 2 blood samples and rs25531 in 1 sample of PSD patients (see Table 1 ). S and L alleles of 5-HTTLPR were reclassified using the SNP rs25531 into alleles S A , S G , L A , and L G . Consistent with previous reports, we did not find allele S G (402 + 67 bp) in our sample. 4, 5 Using this new classification, the genotypes of SS, SL, and LL were reclassified into S A /S A , S A /L A , S A /L G , L A /L A , L A /L G , and L G /L G . Significant differences in allele frequencies of 5-HTTLPR/rs25531 (S A , L A , and L G ) were detected between the PSD and nondepressed groups (P < 0.05). However, we did not find significant differences in the genotypic frequencies of S A /S A , S A /L A , S A /L G , L A /L A , L A /L G , and L G /L G between the groups. Based on functionality, the lower-expressing 5-HTT alleles S A and L G were grouped together and compared with the higher-expressing allele L A . When we examined the combined frequencies of lower-expressing alleles (S A + L G ), compared with higher-expressing allele (L A ) between PSD and nondepressed, we found significant intergroup differences (P < 0.025). However, there were no significant differences in the combined frequencies of lower-expressing (S A /S A , S A /L G , 
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and L G /L G ), intermediate-expressing (L A /L G , and S A /L A ), and higher-expressing genotypes (L A /L A ) between the groups.
No VNTR-9 repeat allele was found in our sample. There was no significant association in the allelic and genotypic frequencies of the VNTR between depressed and nondepressed stroke patients.
Discussion
In this study, we found a significant association between low-expressing alleles and genotypes of 5-HTTLPR polymorphism and PSD based on the analysis involving functional variants of the S allele (S A , S G ) and the L allele (L A , L G ) system. Our previous study investigating 5-HTTLPR polymorphisms in which we used a biallelic system in PSD did not evaluate the functional SNP in promoter region rs25531. 6 Because the biological function of the minor G allele of this SNP in the region of the L allele (16-repeats) is similar to the S allele, 4 this functional SNP could be a confounding factor in our previous study. Hence our previous results documenting an association between single and 2 copies of the S allele and PSD would be inaccurate without the determination of the frequency of L G allele in PSD and nondepressed stroke patients. For example, if the observed higher frequency of the L allele in nondepressed stroke patients (see Table 1 ) were due to a higher proportion of variant L G , there would be a discrepancy between the results of the present and previous studies. However, consistent with our previous findings relating the lower-expressing allele S to PSD, the reevaluation of the same samples with the data on functional nucleotide variant of L and S alleles, also showed higher frequency of lower-expressing allele (S A + L G ) in PSD than non-PSD. But the differences in genotypic frequencies did not reach statistical significance owing to lack of power. Although our present results showing an association between lower-expressing alleles and PSD strengthen our previous findings, the consistency in the results using biallelic system (5-HTTLPR S, L alleles) and the new system (5-HTTLPR/rs25531) could be due to lower frequency of L G and small sample size. However, the frequency of L G was marginally higher in our stroke patients (10%), combined depressed and nondepressed, than in the general population (6.5%), as previously reported. 7 We found no significant association between the intron 2 VNTR polymorphism and stroke depression, which is in agreement with negative reported findings between VNTR polymorphism and affective disorders in a recent metaanalysis. 1 Taken together, these observations further support the notion that 5-HTTLPR is associated with depression susceptibility in stroke patients rather than the nearby intron 2 VNTR polymorphism.
Conclusions
The detailed evaluation of common functional polymorphisms of 5-HTT gene at 5-HTTLPR, rs25531, and intron 2 loci in a clinical sample of depressed and nondepressed stroke patients suggest that lower-expressing alleles of 5-HTTLPR might have the effect of increasing the risk for major depression in stroke patients. The replication of these findings in a larger sample is warranted. 
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Résumé : Une évaluation complète des polymorphismes fonctionnels du gène transporteur de la sérotonine chez les sujets souffrant de dépression post-accident cérébrovasculaire
Objectif : Comme prolongement de notre observation précédente, reliant le polymorphisme fonctionnel diallélique (allèles courts [S] et allèles longs [L]) de la région du promoteur du gène (5-HTTLPR) transporteur de la sérotonine au risque de dépression majeure post-accident cérébrovasculaire (DACV), cette étude s'est penchée sur le rôle de 2 autres polymorphismes fonctionnels du gène transporteur de la sérotonine (5-HTT) dans le même échantillon de sujets souffrant de DACV. 
Méthode
